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Textural and geochemical analysis
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from the Magdalenian site of
Duruthy (Sorde, Landes, France)
Morgane Dachary, Catherine Deniel, Frédéric Plassard, Pierre Boivin and
Jean-Luc Devidal
1 In  the  literature  concerning  the  Magdalenian,  it  is  not  uncommon  to  come  across
references  to  grooved polishers  or  abraders.  These objects  with grooves  of  varying
depth drew the attention of excavators at an early date and were described as polishers
for  working  bone  or  antler  at  La  Madeleine  (Capitan  and  Peyrony  1928),  and  Les
Combarelles (Rivière 1894), for example. These polishers are generally in soft sandstone
although other raw materials, such as pumice stone, were used occasionally. Following
the discovery of a possible pumice polisher at the site of Duruthy (Sorde, Landes), a
textural and geochemical analysis of the rock was carried out. This analysis confirmed
the  nature  of  the  pumice  stone  and  made  it  possible  to  advance  a  hypothesis
concerning the provenance of the stone. At the same time, an inventory of comparable
pieces was established using bibliographical  sources.  This ongoing research was co-
financed  by  the  Ministry  for  Culture  and  the  Landes  General  Council.  This  paper
presents a review of the work carried out so far. 
 
1 - Inventory of grooved pumice polishers
2 The  first  mention  of  a  grooved  pumice  polisher  in  the  literature  occurs  in  1873,
reported by E. Piette: “I found a pumice stone in the cavern which had been used to
polish needles and awls.  This  stone appears to come from volcanic rocks at  Agde”.
(Piette 1873 - p. 413). Later, E. Passemard also documents polishers at Isturitz: “There
are fragments of pumice stone used to sharpen bone points”. (Passemard 1944 - p. 45
and Pl. XX). Another example is described on the Spanish side of the site of Aitzbitarte
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IV (fig. 1) by J.-M. de Barandiaran (1965), who published a drawing of a pumice polisher
with grooves and a perforation. Lastly, the site of Bourrouilla at Arancou, yielded a
comparable piece, which is not however perforated. This piece was discovered in the
spoil of an illicit excavation (fig. 2), and was published by F.-X. Chauvière (Chauvière in
Chauchat et al. 1999).
3 Thus, in the current state of our research, the corpus of grooved polishers in pumice
stone  is  limited  (tab.  1),  as  only  five  sites  are  represented.  With  the  exception  of
Isturitz, each site has only yielded one example. Isturitz thus appears to be unique, but
it will be necessary to study the material in order to validate the vague mention of
these  pieces  by  E.  Passemard.  It  is  noteworthy  that  all  the  documented  sites  are
concentrated in the western half of the Pyrenees. 
4 Lastly,  the  chronostratigraphic  data  associated  with  these  objects  are  very  limited.
None of  the pieces are from a recently excavated site  with a detailed stratigraphy.
However,  all  of  them  were  discovered  in  sites  yielding  Middle  and/or  Upper
Magdalenian levels, which could suggest that the pumice stones used for these objects
could have the same provenance.
 
Figure 1 - Aitzbitarte IV. Pumice stone polisher with grooves. (after Barandiaran 1965).
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Figure 2 - Arancou. Pumice stone polisher with grooves. (Drawing F.-X. Chauvière and photo F.
Plassard).
 
Table 1 - List of the sites with pumice stone polishers with grooves.
 
2 – The Duruthy polisher
5 The reassessment of the material from the Duruthy rock-shelter by one of us (MD), led
to  the  identification  of  several  grooved  polishers  (fig.  3).  These  had  initially  been
considered as being in sandstone (Arambourou 1978),  a  tender,  not very dense and
frequently  altered  raw  material.  Nonetheless,  one  of  these  polishers  presents
significantly  different  characteristics  (greyer  colour,  vitreous  flakePenn
Libraries2013-04-30T17:07:00,  high  porosity),  and  lower  densityPenn
Libraries2013-04-30T17:07:00  than  those  in  sandstone,  which  supports  the  pumice
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stone  hypothesis  (fig.  4).  Moreover,  it  bears  a  biconical  perforation  similar  to  the
suspension hole described at Aitzbitarte IV.
6 Unfortunately,  this  polisher  from  Duruthy,  discovered  during  the  R.  Arambourou
excavations  between  1959  and  1984,  was  found  in  reworkedPenn
Libraries2013-04-30T17:07:00  sediments  and  is  thus  of  unknown  stratigraphic
provenance. However, it is noteworthy that the other grooved polishers (in sandstone)
with stratigraphic attributions are from layers 3 and 4, and are respectively attributed
to the Upper and Middle Magdalenian. 
7 In  order  to  determine  the  nature  of  this  material  and  to  attempt  to  discover  its
provenance, a textural and geochemical analysis was carried out at the Magma and
Volcano Laboratory at Clermont-Ferrand (UMR 6524 CNRS).
 
Figure 3 - Duruthy. Sandstone polisher. (© F. Plassard).
 
2.1 – Texture and petrology of the Duruthy polisher 
2.1.1 – Results of the macroscopic and stereoscopic analysis of the sample
8 Although  some  sedimentary  rocks,  altered  by  secondary  processes  involving
preferential dissolution, are as porous as this polisher, it is rare to come across rocks
with such low density. Indeed, low density is characteristic of certain volcanic rocks
called pumice, with a very specific composition. 
9 We  benefitted  from  the  presence  of  a  small,  naturally  detached  fragment  of  the
polisher which was used to conduct further investigations and stereoscopic analysis.
The two photographs (fig. 5) illustrate the high porosity of the Duruthy stone polisher.
The transparent zones visible on the photographs evoke glass which appears to form
the walls of the vesicles. These two observations support the hypothesis that the raw
material used for this polisher is probably not a sedimentary rock, but appears to be
volcanic pumice stone. 
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2.1.2 – Microtexture of the Duruthy polisher using Scanning Electron Microscopy
(SEM) imagery
10 The use of scanning electron microscopy enabled us to observe the microtexture of the
sample. 
11 In figure 6a, the walls of the vesicles observed with the stereomicroscope are clearly
visible in detail. Figure 6b presents a detail of these walls, where dissolution figures
Penn Libraries2013-04-30T17:07:00and small rod crystals are clearly visible. 
12 Figure 6c shows that these rods are associated with the walls and are thus an integral
part of the analyzed rock. Indeed, these rods are intersected by the dissolution figures
observed on the walls. 
 
2.2- Geochemical composition of the polisher
2.2.1 - Qualitative determination of the geochemical composition using a
Scanning electron microscope (SEM) with energy-dispersive X-ray spectroscopy
(EDS)
13 In order to ascertain that the polisher is made of volcanic rock and not sedimentary
rock (such as sandstone with a porous structure), we first carried out a qualitative, but
not a quantitative determination of the chemical composition of the sample. We chose
this qualitative approach as it is totally nondestructive.
14 The wall of the vesicles visible in the SEM photos was thus analyzed with a scanning
electron  microscope  with  a  chemical  microanalysis  system  employing  dispersive
energy (EDS).
15 The result of the analysis revealed that the vesicle walls are made up of siliceous glass,
thereby confirming that the polisher is in volcanic, and probably rhyolitic rock.
 
Figure 4 - Duruthy. Pumice stone polisher with grooves. (© F. Plassard).
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Figure 5 - Duruthy. Fragment of the polisher using binocular magnifying glass. (© P. Boivin).
 
Figure 6 - Duruthy. SEM image of the fragment of polisher. (© SEM laboratory).
 
2.2.2 – Accurate determination of the geochemical composition with electron
microprobe analysis 
16 We then obtained the authorization to work freely on the tiny broken fragment of the
polisher, allowing us to attain a more accurate analysis of its geochemical composition.
This fragment was thus incorporated in a resin base and then abraded and polished
before taking quantitative electron microprobe readings (WDS Cameca SX100 of the
UMR 6524 CNRS). These measurements were carried out with an acceleration voltage of
15 kV. A low current intensity (8 nA or even 4 nA) and a defocused beam (diameter of
20  mm)  were  used  in  order  to  minimize  the  Na  losses,  inherent  to  this  type  of
measurement. Eight ad hoc analyses were carried out in this way on the vesicle walls
and one analysis on the associated crystal rods described in section 2.1.2. At the same
time, the international standard A99 (basaltic glass from Kilauea, Hawaii, Jarosewich et
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al. 1979; Thornber et al. 2002) was measured seven times in order to provide an external
verification of the exact and reproducible nature of these readings.
17 The individual results (tab. 2) are very coherent (cf. standard deviations of averages). In
addition, the values obtained with the standard are indistinguishable (within the limit
of  the  standard deviations)  from those  in  the  literature  and from those  previously
obtained  at  the  UMR  6524  using  the  same  instrument  (Oladottir  et  al. 2011),  thus
underlining the reliability of these results. Even the Na2O, frequently subject to higher
errors than other oxides because of its volatility during measurements (cf. a slightly
higher standard deviation), is accurately determined, as indicated by the results on the
standard  A99.  These  very  accurate  microprobe  results  confirm  that  the  material
composing the vesicle walls is rhyolitic glass. 
18 In  addition,  the  composition of  the  small  rod  crystals,  and notably  the  Fe  and Mg
percentages,  are  comparable  to  those  observed  in  the  pyroxenes  of  differentiated
volcanic rocks. Given the nature of the rock, the enrichment in Fe and Mg and the form
of the crystals, these rods appear to be small pyroxene crystals. 
 
Table 2 - Duruthy. Electron microprobe analyses of the walls of the vesicles of the polisher and of
the associated acicular crystals (pyroxene). n denotes the number of analyses used to calculate the
means. * Lower quality analysis compared to the analyses on the vesicle walls because of the
small size of the crystals.
 
2.3 – Conclusion on the nature of the geological material of the
grooved polisher from the Duruthy prehistoric site. 
19 The results of these textural, microtextural, petrological and geochemical studies on
this tiny polisher fragment prove that it is indeed a volcanic, and not a sedimentary
raw material.
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20 Moreover,  the  quantitative  geochemical  electron  microprobe  analyses  enable  us  to
specify the petrological nature of the rock in question. It is a rhyolitic pumice, rhyolites
being  volcanic  rocks  with  the  most  evolved  geochemical  composition  of  the  silica
saturated  series.  The  prominent  vesicles  indicate  that  this  rock  is  the  result  of  an
explosive, and not an effusive volcanic eruption. 
21 The volcanic origin and the rhyolitic nature of the raw material of the polisher have
thus been established. 
 
3 – Reflection on the geographical origin of the
rhyolitic pumice of the Duruthy polisher
22 Neither the western part of the Pyrenees, nor its Cantabrian extensions, contain any
potential source of pumice stone. The discovery of several worked objects in this raw
material in different Magdalenian sites in the region thus raises the question of the
provenance of this stone. 
23 In 1873, E. Piette advanced the hypothesis that the pumice polisher from Gourdan came
from the Cap d’Agde. He brought up the issue to demonstrate that hunter-gatherers
during the Age of the Reindeer were nomads (Piette 1873).  At present, perspectives
have  changed,  but  the  provenance  of  raw  materials  and  the  understanding  of  the
territories exploited by hunter-gatherers remain central to Palaeolithic archaeological
research.
24 The Cap d’Agde hypothesis put forward by E. Piette can no longer be retained for the
Duruthy polisher as none of  the volcanic rocks in this  sector are authentic  pumice
stones. Similarly, there is no correspondence between the geochemical composition of
the pumice used for the polisher and that of the Massif Central pumice.
25 On the other hand, the concentration of sites near the Atlantic coast bearing these
objects points towards a coastal provisioning of the raw material through flotation,
following  a  volcanic  eruption  on  an  Atlantic  or  Caribbean  island  (or  even  on  the
American  continent?).  Up  until  now,  the  ongoing  assessment  of  bibliographic  data
concerning  eruptions  at  the  end  of  the  Pleistocene  has  not  identified  any  major
eruptive event that produced raw materials with a similar geochemical signature to
that of the Duruthy polisher. This hypothesis has thus not yet been proven, although it
seems  to  be  the  most  likely.  It  would  nonetheless  constitute  a  supplementary  but
unexpected  proof  of  coastal  exploitation  by  Tardiglacial  hunter-gatherers  in  the
southwest  of  France  and the  north of  Spain  (Pétillon 2008;  Corchón-Rodriguez  and
Álvarez-Fernandez  2008).  It  is  noteworthy  that  similar  phenomena  have  been
documented during the Neolithic, in the north of Europe (Scotland, Scandinavia) and
more occasionally, in Brittany (Giot 1972).
26 Moreover, this coastal source of pumice stone would have been available based on rare
events, and the conservation of this raw material on the coast would have been short-
lived. If analyses from other documented polishers demonstrate the identical nature of
the stone from one site to another, this would provide a significant element for proving
the relative contemporaneity of the different sites.
27 At this  stage,  our project  on polishers in pumice stone is  still  ongoing.  Among the
objects identified in the literature, only those from Arancou and Duruthy were directly
studied and only the Duruthy polisher was subjected to geochemical analyses in order
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to  identify  the  major  elements.  In  the  future,  the  multiplication  of  geochemical
analyses (in order to identify both major and trace elements, indispensable for reliably
identifying  the  volcanic  source  of  the  raw  material)  on  other  objects,  more
bibliographical research and the assessment of existing geochemical data from Atlantic
volcanic  events  at  the  end  of  the  Pleistocene  will  enable  us  to  address  pending
questions. 
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ABSTRACTS
Magdalenian  archaeological  sites  often  contain  grooved  polishers  used  to  polish  other
implements (for example, Capitan and Peyrony 1928).  These objects are generally made from
sandstone but a few are made from pumice. Bibliographic research revealed that only four sites
have yielded pumice stone polishers (fig. 1, fig. 2, tab. 1). These are the sites of Gourdan (Piette
1873), Isturitz (Passemard 1944), Aitzbitarte IV (Barandiaran 1965) and Arancou (Chauchat et al.
1999). Several polishers were found in the Duruthy rock-shelter, Sorde-L'abbaye, Landes. Most of
these polishers are in sandstone (fig. 3) but one of them is different and has the appearance of
pumice (fig. 4). The textural study and geochemical analysis (fig. 5, fig. 6, tab. 2) of this polisher
indicate that it was made from rhyolitic pumice. The geochemical characteristics of this material
indicate that it is not a product of French volcanism. The fact that all the sites where pumice
polishers were found are located near the Atlantic Ocean suggests that floated pumices may have
been collected along the ocean shores. Such rhyolitic pumices could have been produced during
the eruption of a volcano on an island in the Atlantic Ocean. Although we have not yet identified
the volcano responsible for this eruption, this remains the most likely hypothesis. In this respect,
these artefacts offer a new approach to the study of the exploitation of the littoral zone by the
last Palaeolithic hunters in southwest France and northern Spain. 
INDEX
Keywords: Magdalenian, geochemical analysis, rhyolite
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